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57) A speckle-free display system using coherent 
light (10,12,14) is disclosed. The light is directed 
through a spinning diffusing element (22) to 
illuminate a spatial light modulator (28). The 
spinning element (22) is operable to move the 
interference patterns around the screen (32) at 
speed where it is undetectable to the human 
eye. The diffusing element (22) is more than 
likely comprised of ground glass. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to display systems, more s 
particularly to display systems using coherent light 
sources. 

2. Background of the invention 

10 

Laser illumination in displays has many advan- 
tages of standard lighting schemes, especially in color 
displays. Lasers produce high power light with good 
color purity. The mixture of red, green, and blue, laser 
light can be achieved relatively simply by standard 15 
optical components, including fold mirrors. Unfortu- 
nately, the use of one laser causes an interference 
problem, and that problem is compounded with the 
use of more than one laser. 

Because each laser Is coherent, having a contln- 20 
uous relationship between phases, when lasers are 
diffused using beam splitters and lens systems, the 
phase pattern results in a particular pattern of inter- 
ference called speckle. A speckled picture cannot be 
viewed very dearly, if at all, since the interference 25 
patterns often cancel each other, resulting in a noisy, 
blurry picture. Putting three lasers together increases 
this problem to the point that the noise almost com- 
pletely eliminates the desired picture. 

Lasers are desirable for use with spatial light 30 
modulators, which normally have relatively small ac- 
tive areas, because of the increased illumination pow- 
er. Many attempts have been made to overcome the 
speckle problem such as vibrating screens, acoustic 
waves, and very complex optical schemes of many 35 
components. These ideas result in very high costs, or 
extremely complex systems. Therefore, there exists a 
need for a low cost, simple solution that eliminates 
laser speckle in displays. 

40 

SUMMARY OF THE INVENTION 

The present invention disclosed herein compris- 
es a speckle-free laser display system using spatial 
light modulators. The display system is Illuminated by 45 
one, or a combination of, lasers that are controlled by 
some type of shutter allowing them to be turned off 
or on. As the laser or the laser mix comes together to 
be directed onto either the spatial light modulator or 
the beam, it passes through a spinning diffusion ele- so 
ment This diffusion element causes the speckle pat- 
tern to move around on the screen such that the view- 
er's eyes do not register the speckle at all, resulting 
in a clear, colorful picture. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the pres- 



ent invention and for further advantages thereof, ref- 
erence is now made to the following Detailed Descrip- 
tion taken in conjunction with the accompanying 
Drawings in which: 

FIGURE 1 shows a coherent light display system 
with a diffusion element. 

FIGURE 2 shows an alternate embodiment of a 
coherent light display system. 

FIGURES 3A and 3B show possible embodi- 
ments of diffusion elements. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In Figure 1, the illumination system for a spatial 
light modulator display is shown. The source in this 
embodiment consists of three coherent light sources, 
probably lasers, one red 10, one blue 12, and one 
green 14, sequentially gated to produce a full-color 
display. Another possible source could be a tunable 
laser capable of producing all three colors as it Is 
tuned. For example, if laser 14 is selected to be a 
tunable laser, and element 20 is a mirror, then lasers 
12 and 10 and their subsystems can be eliminated as 
indicated at dashed line 1 9. The different colored las- 
ers are combined using dichroic beam-splitters, which 
pass light of one color while reflecting light of another 
color. Element 16 could be a dichroic beam-splitter 
that reflects red light from laser 10 or a mirror, and di- 
chroic beam-splitter 18 passes red light while reflect- 
ing blue light from laser 12. Similarly, dichroic beam 
splitter 20 passes all light but green light, which is re- 
flected from laser 14. Another possible option would 
be half-sllvered mirrors, which would reflect light from 
the laser side and pass light from the other. The beam 
then passes through the diffusion element 22, which 
is powered by a coil or motor 24, causing the element 
to spin. 

The previous inventions have used a lens or dif- 
fusing element to merely widen the beam to more fully 
Illuminate the spatial light modulator 26. This, is dis- 
cussed previously in the background, does not elim- 
inate speckle caused by interference patterns of the 
coherent light. If the diffusing element Is mounted on 
an axle, and spun prior to the tens 26 which focuses 
the light onto the spatial light modulator, the speckle 
appears to vanish at the viewing surface 32. Another 
possibility Is that the diffusing element could be vi- 
brated. The viewing surface 32 receives light that is 
transformed into an image by spatial light modulator 
28. The viewer or viewing system could be to either 
side of the viewing surface 32. The spatial light mod- 
ulator in this embodiment is a reflective modulator, 
such as a digital micromirror device (DMD, or defor liv- 
able mirror device), or a liquid crystal operated In the 
reflective mode. The diffusing element works as well 
for tranamissive modulators, such as various ferro- 
electric and liquid crystal cells. 
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The speckle is still present, but the moving diffu- 
sion element disrupts the interference patterns such 
that these patterns, or speckle, move around on the 
screen. If the diffusing element is rotated or vibrated 
quickly enough, the speckle seems to disappear. The 
driving force behind this phenomenon is the human 
eye's Integration time for moving pictures. If the 
speckle moves faster than the eye can detect it, it 
seems to disappear. 

Experimentation was performed using the above 
embodiment rotating the element from 1 revolutions 
per minute (rpm), to approximately 100 rpm. It was 
found that the speckle vanished for all spectators In 
the range of 30-40 rpm. The Inventor found that spin- 
ning the element at 100 rpm provided no additional 
benefit, and merely used more power. 

Figure 2 shows an alternated method for achiev- 
ing a speckle-free display. Each light source has its 
own diffusing element and spatial light modulator. For 
example, coherent red source 10 has diffusing ele- 
ment 22A, with motor or coll 24A, focusing lens 26A, 
and spatial light modulator 2BA. The resultant red im- 
age is transmitted to dichroic beam splitter 1 6. The co- 
herent light from blue and green lasers 12 and 14 is 
then similarly processed as indicated by diffusing ele- 
ments 22B and 22C, motors or coils 24B and 24C, fo- 
cusing lenses 26B and 26C and spatial light modula- 
tors 28B and 28C. In this manner the coherent light 
sources for red, green and blue, can be more easily 
run in parallel, rather than sequentially as shown in 
Figure 1 . The final Image at point 34 is then projected 
onto a viewing surface. 

Figures 3A and 3B show different possibilities for 
the diffusing element Figure 3Ashows a side view of 
an element 22, with its attached motor or coil 24. In 
Figure 3A it is assumed that the element has no gain. 
The light transmitted from the side away from the spa- 
tial light modulator passes through the diffusing ele- 
ment in a Lambertian pattern, where the light is 
spread equally in all directions. The element 22 of Fig- 
ure 3B, has a gain, caused by the curve of the ele- 
ment. Light in this would pass through the element 
such that it would be more concentrated towards the 
middle of the curve. The gain of the element more 
fully fills the numerical aperture of the lens used to fo- 
cus the light onto the spatial light modulator, allowing 
a more optically efficient system. Either element is 
made of a diffusing material, such as ground glass, 
that is more than likely transparent, and can be any 
shape. 

Thus, although there has been described to this 
point particular embodiments of a speckle-free dis- 
play using coherent light it is not intended that such 
specific references be considered as limitations upon 
the scope of this invention except in-so-far as set 
forth in the following claims. 



Claims 

1. A speckle-free display system comprising: 

at least one coherent light source; 
6 a diffusing element operable to move and 

diffuse coherent light from the or each source 
through an Imaging system; 

a spatial light modulator for receiving light 
from said imaging system; and 
10 a viewing surface operable to display an 

image created by said spatial light modulator. 

2. The system as claimed In claim 1, wherein said 
diffusing element has no gain. 

15 

3. The system as claimed in claim 1, wherein said 
diffusing element has a gain such that diffuse 
light better fills the aperture of the imaging sys- 
tem. 

20 

4. The system of any preceding claim wherein the 
diffusing element spins in use. 

5. The system of any preceding claim, wherein said 
25 at least one coherent light source further com- 
prises three lasers, one red, one green and one 
blue. 

6. The system as claimed in any preceding claim, 
30 wherein said at least one coherent light source 

further comprises a tunable laser. 

7. The system as claimed in any preceding claim, 
wherein said diffusing element comprises ground 

35 glass. 

8. The system as claimed in any preceding claim, 
wherein said diffusing element Is powered by a 
motor. 

40 

9. The system as claimed In any of claims 1 to 7, 
wherein said diffusing element is powered by a 
coil. 

45 10. The system as claimed In any preceding claim 
wherein the spatial light modulator is a Deform- 
able Mirror Device (DMD) or a Digital Micromirror 
Device. 
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